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The Fréedericksz transition and the dynamic response of homeotropical liquid-crystal films with
a free surface (FS) induced by a perpendicular dc magnetic field have been studied theoretically and
experimentally for two nematic substances: 4’-n-pentyl-4-cyanobiphenyl (5CB) and 4'-n-octyl-4-
cyanobiphenyl (8CB). For either one of these two materials, it is found that the critical magnetic
field of these two nematic liquid-crystal (NLC) films with a free surface is equal to that of the NLC
film with hard boundaries (HB) of the same thickness. This thus demonstrates a very strong orien-
tational anchoring for 5CB and 8CB at the free surface. The intrinsic structures of FS samples are
homeotropic, just as the HB ones are. For the dynamic response, the turn-off rates of FS samples
are found to be about two times faster than those of the HB ones. This is interpreted with the
backflow theory and the lack of positional anchoring on the free surface. Finally, a sensitive ap-
proach to determine the viscosity coefficients, ¥, and 7., of the NLC film is suggested.

1. INTRODUCTION

Surface effects of liquid crystals are important for both
device applications and basic understanding of physical
phenomena. The study of free-surface effects is even
more interesting for understanding the anisotropy of
molecular interactions. Previous studies have shown the
existence of preferred molecular orientation at the free
surface of nematic liquid crystals (NLC).1'2 The strength
of the free-surface-orientational anchoring and the effect
of the lack of positional anchoring, however, remains to
be clarified. Pan, Hsiung, and Shen® have reported the
Fréedericksz transition* and relaxation response of
4'-n -pentyl-4-cyanobiphenyl (5CB) nematic liquid-crystal
films with a free surface induced by a laser field. Since
the molecular reorientation in the NLC film is restricted
only in a small region about the size of the pump laser
beam spot, the so-called “beam size effect” must be con-
sidered. The focused laser beam also induces other prob-
lems such as local thermal heating in the sample.

In this work, a dc magnetic field is used to induce
molecular reorientation to avoid these problems. We
study the critical transition magnetic field H,, and the
dynamic response time constants of NLC of 5CB and
8CB (4'-n-octyl-4-cyanobiphenyl) films with a free sur-
face under the magnetic field. For comparison, these
properties of similar films but with hard boundaries (i.e.,
NLC films sandwiched between glass substrates) are also
studied.

In Sec. II, starting from the free energy of NLC films,
we derive the critical field H, for the Fréedericksz transi-
tion. We then use the theory of Ericksen and Leslie® to
derive the turn-on and turn-off time constants of the
NLC films, under a dc magnetic field, for small molecular
orientational angle 8. We also show the differential relax-
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ation time constant of a small variation A6 around an
equilibrium angle in a field H. In particular, we compare
the backflow effect’® on these time constants of free-
surface (FS) samples and hard-boundary (HB) samples.
In Sec. III, the experimental methods and the experimen-
tal results are presented. The comparison between the
experimental and the theoretical results is discussed in
Sec. IV. In Sec. V, we give a conclusion of this work and
suggest a sensitive method to determine the viscosity
coefficients, y; and 7., of the NLC by measuring the
turn-off time constants of the HB and FS samples.

II. THEORY

A. The critical magnetic field for the Fréedericksz transition

For a homeotropically aligned NLC film with a free
surface, the critical magnetic field H, can be derived us-
ing the same approach as that used in Ref. 3 for the criti-
cal laser intensity. Let Z be the surface normal and
6 be the molecular reorientational angle from Z, the di-
rector fi and external magnetic field H applied parallel
to the NLC film surface are expressed as
i =(sin6(z),0,cos6(z)) and H=(H,0,0), respectively.
The free-energy density F of the NLC film can be written
as
2 2

+K ;3c08%60

1 . a6
F=E [K“smzﬂ E

—x,H?%in%0 | , (1)

where K,;,K3;; are Frank elastic constants, and
Xa =X~ X1 With x, and Y, being the diamagnetic suscep-
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tibilities parallel and perpendicular to the director, re-
spectively. Using the Euler-Lagrange equation to mini-
mize the total free energy, we can get a simplified linear
equation in the small-angle approximation,

2
Kn%ﬂ(ame:o . 2
4

With the boundary condition 6(z=—d /2)=0, where d
is the film thickness. The solution is

6(z)=0,,sin[q(z +d /2)] . (3)

Substituting it into Eq. (2), we obtain the critical magnet-
ic field

chq(KSB/Xa)l/z . 4)

The g value in Eq. (4) is determined with another bound-
ary condition of 8 at z=+d /2.

For a HB sample, 8(z =+d /2)=0, so g=mu/d. For a
FS sample, we have to consider the surface free energy at
the free surface,>’ F,=146%8(z —d /2), where 4 is the
surface anchoring strength. Add it to the bulk free ener-
gy given in Eq. (1), Eq. (2) then becomes

3% .
Ky o3 +X,H0= 468(z—d /2) .

Substituting 6(z) of Eq. (3) into this equation and in-
tegrating it from z=(d/2)” to z=(d/2)", we get the
boundary condition at z=d /2, 3
K
_ %5 _ tan(gd) ' (5)
A qd

Thus the surface anchoring strength 4 determines the g
value and then determines the critical magnetic field H.,.
If A is very large, i.e., if the surface orientational anchor-
ing is very strong, the H, of the FS sample will be the
same as that of the HB sample. Otherwise, the former
must be smaller than the latter. On the other hand, the
A value can be estimated from the measured H, values of
the FS and HB samples. A more detailed derivation for
Eq. (5) but with both interfaces having same anchoring
strength can be found in Ref. 8.

B. Dynamic response time constants

The dynamic behavior of the molecular reorientation
in NLC films is complicated because its motion is cou-
pled with the fluid flow. In this subsection, we first
briefly review some results of Pieranski, Brochard, and
Guyon,9 where response time constants are derived from
the simplified equations of motion, which are applicable
for small reorientational angle 6 only. We then derive
the differential relaxation time constant 7, for small
change in angle A6 about an equilibrium angle 8, from
the equations of motion without small-angle approxima-
tion.

If the external magnetic field H is changed abruptly
from an initial field H, smaller than the critical field H,
to a field H larger than H_, the liquid-crystal molecules
will begin to rotate, and we define the dynamic exponen-
tial time constant at the beginning as the turn-on time
constant 7,,. Similarly, if the magnetic field is changed
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from H, > H_ to H <H_, the molecular orientation will
relax to 6=0. We define the exponential time constant at
the end as the turn-off time constant 7, Following
Pieranski et al., we take 7., to be positive and 7,4 to be
negative.

For small reorientation angle 6, the coupled equations
of motion for the director 1=(6,0,1) and the flow veloci-
ty v=(v,(2),0,0) can be written as’

3% s, 06 A,
K;; ) +x,HO0=v, Y +a, 3z (6a)
a | 9 3 |_
oz |8z "% |70 (6b)
where 7, =Hay+tas—a,), ¥ =a3—a,, and a,...,a

are the viscosity coefficients following the notations of
Ref. 4.

For HB samples, these equations can be solved to satis-
fy the boundary conditions, #=v, =0, at z=x=+d /2.0
The time constant, 7yg(H), can be written as’

Xa
Yf,HB(h)

where y 1 yg(#) is an effective viscosity and is a function
of h =H /H,. For small fields (A2 <5), the relative varia-
tion of y{ g with 4 is negligible, and

Tan(H)= (H*—H?), (7a)

VT,HBE(I“%a%/?’l”’IC)7’1<?’1 . (7b)

At the free surface, although the orientational anchor-
ing is very strong, the positional anchoring is lacking.
The effective strong anchoring at the free surface for SCB
and 8CB samples for the film thickness range in our work
will be demonstrated in the next section from the fact
that the experimental results of H, of FS samples are
equal to that of HB ones of same thickness. Therefore,
the boundary conditions for FS samples are

6=v,=0 atz=—d/2,
and (8)
v,
o= =0 atz=+d/2.
az

To satisfy these boundary conditions, we choose the trial
solution for Eq. (6) as

6(z,t)=0ycos %z exp(t/7), (9a)
v, (z,)=v, [1+sin %z exp(t/7) . (9b)

We thus obtain a similar equation for the response time
constant of FS samples, 7=17gg(H),

Xa

Trs (H)=———(H*—H}) , (10a)
Y 1,Fs
where
Yies=(1—a3/ym )7 - (10b)
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The sign difference for 7., and 7 has been reflected in
Egs. (7a) and (10a).

If the applied magnetic field is turned off from an ini-
tial field larger than H,, the zero-field turn-off rate 7~ L0)
can be deduced from Egs. (7a) and (10a) to be

7 H0)=—(K 33 /¥y w?/d?) , (11)

where y{ =y ygp or ¥ s for HB or FS samples, respec-
tively.

We define the relaxation time constant for small varia-
tion in angle Af around the equilibrium angle 6 in a mag-
netic field H as the differential time constant. The max-
imum reorientational angle 8,, of homeotropic NLC film
under a magnetic field H is'°

0%, =21—h"2)/(1+7), (12)

where n=(K{;/K3;)—1, e.g., 8,,>20° for h=1.1. In
general, 6 is not a small value. The simplified equations
of motion for small angles are no longer valid. We must
start from more general equations of motion to derive the
differential time constant 7,;. These equations are!!

a0 3%0

= =[K33+(K — in?0]—
Y1y, K33+ (K K33)Sln9]azz

2
+ LKy — K 33 )sin(26) 2_2] + Ly, Hsin(26)

+1[ (13a)
and
—aa; (asin*0 cos*0 — La,cos’0 + Lassin®0+ La,
ov
+1 20+ Lagsin?0)——
1ascos 1asin“0) 3%
2 . 29790 | _
+ (a,cos°0 —assin 9)—a—t =0, (13b)
where y,=a;+a, (Ref. 4). If 6 is small, these equations

reduce to Eq. (6).
Again, using the boundary conditions, we can write the
trial solutions of Eq. (13) for HB sample as'?

0(z,t)=0,(2)+A6(z,¢) , (14a)

and

v (z,t)=v,, (t)[sin(gz)—2z/d] , (14b)

where 6 .(z)=6,, cos( gz)is the molecular reorientation at
steady state, AO(z,t)=¢,, (¢) cos(qz) and g = 7r/d

In steady state, 0(z,t)=06_(z), 0760/0t= and
v, (2,)=0, Eq. (13a) reduces to the static equation,
[K33+ (K3 —K33)sin%0,, | ——

az
. 20, |’
+%(K11_K33 )Sln(zew) az

+1x,H%in(20,,)=0. (15)
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Using the trial solutions and the static equation, Eq. (13)
can be transformed into equations of the differential vari-
ations ¢,,(t), and v,,(¢). Because ¢,, is small, these equa-
tions can be linearized further by keeping only terms up
to the first order in ¢,, and v,,. Finally, the variable z
can be eliminated by integrating these equations from
z=—d/2 to +d/2 after Eq. (13a) is multiplied by

cos(gz). These equations of motion then reduce to the
form
9¢ 1
?’1“&’"_+7’1T—do‘¢m =Yus9Vm > (16a)
B 94,
=— —_ 16b
qu,, A, Ot (16b)

Combining the last two equations, we obtain the

differential time constant,

B YHB
Ay 7y

Taup= |1+ Tdo » (17)

where 7, is the differential time constant without consid-
ering the backflow effect, and

T0=71{q* (K33 + (K|, —K33)G,1+x, H*G,} !,
YHB:%(‘i’l_?’z)(l—8/772)+7’2G3 s

Aup=n.1ta,G4+7,Gs+a,Gs+v,G;,
B=a,—v,Gs,
& 2n +3
— __1\n 20 2(n+1)
Gi= 2 D T an i O P
. +1 2n
Gr= 3 (—1" 26, (18)
- % (L 2An+1)
G5= 3 (=150 (20)
2
X - )
Pr+1 7r-2(n+2)p,,
_qyp_2nt3 2An+1)
EO( RATTES A
& 2n +3
— _1\n 20 2n+1) ,
Gs= 2 (=150, g 207" P
G __1__ < _1)n+1_1—_(49 )2(n+l
8 an? &, (2n +2)! ’
2 Qg+l 1 2An+1p =1
Gr= 2 §0 D G ay (20m) ’
and
135 . 2n+1
PnT 346 m+2

For FS samples, the following trial solutions are used
for Eq. (13) to satisfy the boundary conditions:

0(z,t)=0,(z)+A0(z,1) , (19a)
v (z,t)=v,, ()sin(gz)+1] . (19b)
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Following the same procedure as for the HB case, we ob-
tain the differential time constant of FS samples,

B 7VFs
Agps Vi

Tdo » (20)

Td,FS: ‘1+

where Agg=1,+a,G,+7,Gs, and ygs= (v, +7v,G,).
Equations (17) and (20) are consistent with 74 at mag-
netic field H smaller than the critical field H,,.

C. The backflow effect

As shown in Egs. (6) and (13), the molecular reorienta-
tions are coupled with the fluid flow. When a NLC sam-
ple is driven by external torques, the molecules are put
into rotation. This rotation induces hydrodynamic
motion, and this flow also affects the orientational
motion.

We would like to compare theoretically the backflow
effect on the differential time constant of HB and FS sam-
ples. To this end, the differential relaxation rates (1/7,;)
as a function of H? for HB and FS samples, and also for
the case of neglecting the backflow effect, are calculated
and shown in Fig. 1. These results are for 5CB film at
25°C with thickness equal to 200 um. The parameters
used are K,;=0.54X107% dyn, K33 =0.72X107° dyn,
X.=1.047 cgs units,'”® y,=0.806 P, y,=—0.894 P,
a,=—0.8485 P, a;=—0.0432 P, and 7,=1.12 P.1*
Equations (4) and (12) are used to determine H, and 6,,,.

The results are very interesting in two aspects. For
H < H_, the backflow effect on both the HB and FS sam-
ples is to reduce the effective viscosity and then to in-
crease the relaxation rate. In particular, the turn-off time
constant of FS samples is about four times shorter than

that of HB samples. On the other hand, for H > H_, the
backflow effect on the HB sample can be neglected. It,
however, causes the relaxation rate to increase when H is
just above H_ for FS samples. As H is increased, this
effect slowly diminishes and then reverses the influence
on the effective viscosity. That is, the relaxation rate of
the FS sample becomes slower than that of the HB sam-
ple. This is caused by the direction change of the
backflow torque. Parodi has pointed out that the direc-
tions of the backflow torque for 6=0° and 90° are oppo-
site.!> As a result, it should change sign at a particular
angle 6,, as the magnetic field H is gradually changed.

III. EXPERIMENTAL METHODS AND RESULTS

The 5CB and 8CB material used in this experiment was
purchased from British Drug Houses, Inc. Their nematic
phase ranges are 22.5-35.2°C and 33.5-40.2°C (Ref. 16),
respectively. The preparation procedure of the samples
has been reported elsewhere.?

For both HB and FS samples, the film thicknesses
range from 125 to 300 um. These are measured either
mechanically with a probe pin® or interferometrically
within an accuracy of about +2 um. A detailed descrip-
tionlg)f these methods has been presented in a recent pa-
per.

The sample was mounted horizontally in an oven. The
oven temperature was stabilized at 25.010.05°C for 5CB
samples and at 35.0%0.05°C for 8CB samples. The dc
magnetic field H is applied parallel to the NLC film sur-
face. The molecular reorientation of the NLC film is
probed by the optical birefringence technique: a He-Ne
laser beam polarized at 45° to the magnetic field is nor-
mally incident to the NLC film. As the molecules rotate

0.08+
0.04
'TU 0
@
"
P', -0.04 Theor. (Uncorrected )
5CB, d=200um
— FS
-0.08
---- HB
-------- Neglecting backflow
012+
1 1 1 1 1
0 2 4 6
H2 (10°G2?)

FIG. 1. The theoretical curves of the differential relaxation rate (1/7,) of a 200-um-thick film vs the square of the magnetic field
for a SCB HB sample (dashed curve), FS sample (solid curve), and for the case of neglecting the backflow effect (dotted curve). Pa-

rameters from the literature are used.
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FIG. 2. Measured phase difference (A®) vs magnetic field H for several 5CB HB and FS samples with various film thicknesses.
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4
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FIG. 3. Inverse of the differential time constant vs the square of magnetic field for (a) a 220-um-thick 5CB HB sample, and (b) a
192-pum-thick 5CB FS sample. Open circles: experiment; dashed curves: theoretical, with viscosity coefficients from the literature;
solid curves: theoretical, with corrected viscosity coefficients.
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2001 O HB. from (Tgh VS. H?)
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0
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FIG. 4. Critical magnetic field H, of (a) SCB and (b) 8CB HB and FS samples vs the inverse of film thickness 1/d.
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% 20 40
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FIG. 5. The inverse of the turn-off time constant (1/7,4) obtained when the magnetic field is changed from H > H, to zero plotted
as a function of 1/d? of 5CB samples.
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in the plane of H and the normal of the NLC film sur-
face, the refractive index of the e ray is changed with the
molecular orientational angle 6, 13

. -1/2
_ | cos?6 + sin%0
Reg = 2 2
no ne

Thus, with an analyzer crossed with the polarizer, the
output probe beam intensity /, is

I (t)=I;sin*[Ad(2) /2],

where I; is the input probe intensity, A®(¢) is the phase
difference between the o beam and e beam after the probe

SHYU-MOU CHEN, TING-CHIANG HSIEH, AND RU-PIN PAN

beam traversing the NLC film, i.e.,

Ad(r)=2T [T

2 Jun [neg(z)—noldz .

Using the photodetector to sense the output intensity and
a Y-T recorder to record the variation of I, with time, we
can deduce the variation of the molecular reorientation
angle 6 with time when the magnetic field is changed.
The measured static phase difference A® as a function
of the magnetic field H for several 5CB HB and FS sam-
ples of various film thicknesses is shown in Fig. 2. The
critical magnetic field H, for each case can be identified
clearly in the figure. From Eqgs. (7a) and (10a), H, can

oosf (9!
0.04 |-
17 0
(8]
[
8
'r»‘ -0.041- 7 8CB HB d=200 um
r yd O Expt.
e
-0.08 /’ -=-- Theor.(Uncorrected )
d
- /,’ —— Theor.(Corrected )
d
0.12F
A 1 1 1 1
0 2 4 6
H2 (105 G2?)
b
0.08 (b)
8CB FS d=203um
O Expt.
---= Theor.(Uncorrected )
—— Theor.( Corrected )
1 1 1 1 1
0 2 4 6

HZ (105 62)

FIG. 6. The inverse of differential time constant vs the square of magnetic field for (a) a 200-um-thick 8CB HB sample and (b) a
203-um-thick 8CB FS sample. Open circles: experiment; dashed curves: theoretical, with viscosity coefficients of 8CB from the litera-
ture; solid curve: theoretical, with correlated viscosity coefficients.
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also be obtained from the measurement of 1/7,4 as a
function of H% Figures 3(a) and 3(b) show the variation
of the relaxation rate 1/7; of a SCB HB and FS sample
with respect to H2 As the magnetic field is changed
from H, > H_, to 0<H <H,_, 7, becomes 7,4 according to
our definitions.

Using these two methods, the critical field H. of HB
and FS samples of various thicknesses is determined and
is displayed in Fig. 4(a) for 5CB as a function of 1/d. It
is shown that the critical magnetic fields H, of HB and
FS samples of the same thickness are almost equal to
each other within experimental accuracy. Similar results
are obtained for 8CB samples, as shown in Fig. 4(b).

The variation of the zero-field turn-off rate 1/7,40)
with 1/d? for SCB HB and FS samples is shown in Fig. 5,
from which we can see that the zero-field turn-off rate of
FS samples is faster than that of HB samples by a factor
of about 1.95 for the same thickness. This is consistent
with the experimental result of Ref. 3, in which the
molecular reorientation of the NLC film is induced by a
laser light.

A set of measured differential relaxation rates as a
function of H? for SCB HB and FS samples is presented
in Figs. 3(a) and 3(b), respectively. Similar results for
8CB are shown in Figs. 6(a) and 6(b).

In the range of 0<H <H_, 7. is equal to 7,4, as men-
tioned above. From Figs. 3(a) and 3(b) and 6(a) and 6(b),
one observes that 1/7.4 varies linearly with H?, as pre-
dicted by the theory [see Egs. 7(a) and 10(a)]. For 5CB,
the slope of the curve of 1/7,4 versus H? of the FS sam-
ple is about 1.95 times larger than that of the HB sample.
Thus the effective viscosity of the FS sample (y] gs) is
about 1.95 times smaller than that of the HB sample
(I up). For 8CB, the effective viscosity of the FS sam-
ples is 2.0 times smaller than that of the HB samples.

IV. COMPARISON BETWEEN EXPERIMENTAL
RESULTS AND THEORY

Substituting the parameters for SCB given in Sec. II,
and K33;=7.1X10"7 dyn, x,=0.913X 1077 cgs units'?
for 8CB at 35°C, into Eq. (4), we obtain H, =8.234/d cgs
units for SCB and H,=8.76/d cgs units for 8CB. These
are also plotted in Figs. 4(a) and 4(b) as the solid lines.
Experimental results match the theoretical prediction al-
most exactly.

From the fact that the critical magnetic fields of HB
and FS samples of the same thickness are almost equal to
each other within the experimental accuracy, we can
deduce that for SCB and 8CB, the molecules near the free
surface are homeotropically aligned and the orientational
anchoring of the free surface is very strong, just as that
for a hard boundary of a glass interface coated
with dimethyl-n-octadecyl-3-amino propylmethoxysilyl-
chloride (DMOAP). If we assume the experimental error
is within 2%, using Eqgs. (4) and (5) and with the values of
5CB parameters used above, we can estimate that the sur-
face free-energy constant A4 is larger than 1.76X1073
erg/cm?,

We have shown that the linear relation of 1/7,4 and

1/7, with H? in the range of 0<H < H, is in agreement
with the theoretical prediction. However, the quantita-
tive behavior of the former is very different from the
latter. For example, in Sec. II we predicted that the
turn-off relaxation rate of the FS sample is about four
times faster than the HB case, but the experimental re-
sults are only 1.95 times faster. Figure 3(a) is the varia-
tion of 1/7,; with H? for a SCB HB sample 220 um in
thickness. Comparing the measurement data (open cir-
cles) with the theoretical prediction (dashed curve) using
the parameters listed in Sec. 11, the difference is obvious.
Similar results for a SCB FS samples are shown in Fig.
3(b).

Results for a 8CB HB and FS samples are shown in
Figs. 6(a) and 6(b), respectively. The discrepancy be-
tween experimental data (open circles) and theoretical
prediction (dashed curve) with 8CB’s viscosity
coefficients obtained from Ref. 19 are even larger than
the SCB cases.

These discrepancies in 1/7; can be caused by the un-
certainties in the values of some of the parameters used
according to the measurement error in the cited litera-
ture. The measurement principles of the previous work-
ers are also different from ours. To resolve this problem,
the parameters we need are obtained from our experi-
mental results by comparing them with the theories. We
first examine the measured zero-field turn-off time con-
stants 7,4{0) of HB and FS samples. From Fig. 5, the
slopes of the lines of the 1/7,4(0) versus 1/d? for SCB
HB and FS samples through the origin are found to be
—1.14X107° and —2.12X107° cm?/s, respectively.
According to Eq. (11), we can write

17'2K33 _s
- =1.14X107%, 21a)
[1—a3/(6ym) ]y
and
2
K
33 =2.12X107% . (21b)

[1—a5/(ym) ]y,

From these equations we can obtain y,7,/a3=2.24 cgs
units. The experimental results of H,, which is a func-
tion of K33, are in good agreement with the calculated
ones. We can thus assume the value of Kj; is reliable.
Because ¥, =a;—a, and |a;| <<|a,|, the influence of a;
is small. We can further assume that a; does not need to

TABLE 1. A comparison between our corrected viscosity
coefficients from this work and the corresponding values ob-
tained from the literature, for SCB at 25 °C and for 8CB at 35°C.

5CB 8CB
Ref. 14 Ref. 19 This work Ref. 19 This work
Y1 0.806 0.93 0.68 0.48 0.801
Y2 —0.894 —0.767 —0.767 —0.48 —0.886
a, —0.849 —0.93 —0.723 —0.48 —0.843
as®  —0.043 =0 —0.043 =0 —0.043
7, 1.12 1.17 1.53 0.774 1.63

2a; is not adjusted in this work.
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FIG. 7. The corrected theoretical curves of the differential relaxation rate (1/7,) vs the square of the magnetic field for the 5SCB
HB sample (dashed curve), FS sample (solid curve), and for the case of neglecting the backflow effect (dotted curve). The films are

200 um in thickness and the corrected viscosity coefficients are used.

be adjusted. After substituting the values of K;; and a;,
obtained from the literature (as used in Sec. II) into Eq.
(21), we obtain y;=0.68 (thus a,=—0.922) and
7. =1.53 cgs units. These are consistent with the results
of Pan, Hsiung, and Shen in Ref. 3.

Similarly, for 8CB, we obtain y;=0.801 and 7, =1.63
cgs units. These are not about twice as large as the corre-
sponding values of Chmielewski in Ref. 19. The compar-
ison between these corrected values and the correspond-
ing values obtained from the literature are shown in
Table 1.

Using these corrected parameters, the calculated
theoretical values of 1/7; of SCB films are shown as the
solid curves in Figs. 3(a) and 3(b) for a 220-um HB sam-
ple and a 192-um FS sample, respectively. Comparing
the corrected curves with the corresponding experimental
data (open circles), the former is in excellent agreement
with the latter for small H. It also matches better than
the uncorrected curves (dashed curve) in the larger H
range. Similar results for 8CB cases are shown in Figs.
6(a) and (b).

With these corrected viscosity coefficients, the theoreti-
cal differential relaxation rate as a function of H? both
for SCB HB and FS samples, and also for the case of
neglecting the backflow effect, is calculated and shown in
Fig. 7. In the range of H > H_, there is still a crossover
between the FS curve and the HB one as in Fig. 1, but the
difference between the two curves is very small.

Finally, we note that the above approach for determin-
ing ¥, and 7, can be done by using the slopes of the mea-
sured 1/7, as a function of H? for 0< H < H,, for only
one HB and one FS sample of any thickness.

V. DISCUSSIONS AND CONCLUSION

We have studied, theoretically and experimentally, the
Fréedericksz transition and the dynamic response of two
kinds of NLC (5CB and 8CB) films with a free surface in-
duced by a perpendicular dc magnetic field.

The critical magnetic field H, for either a SCB or 8CB
film with a free surface is equal to that for the film with
hard boundaries of the same thickness. It thus demon-
strates that the free surfaces of 5CB or 8CB films possess
strong surface-induced orientational anchoring. Further,
their intrinsic structures are homeotropic, just as
DMOAP-coated HB samples.

For both 5CB and 8CB films, the measured turn-off
rates of FS samples are about twice as fast as those of HB
ones. This is due to the lack of the positional anchoring
on the free surface, which can enhance the backflow
effect and speed up the relaxation of the molecular reori-
entation. In the regime of H > H,, the difference between
the differential relaxation rate of the HB and the FS sam-
ple is very small.

The static and dynamic behaviors of 8CB samples are
completely analogous to those of 5CB films. The relaxa-
tion time constant of the former is slightly larger than
that of the latter. It is probably due to the longer length
of 8CB molecules. This causes its viscosity to increase.

The viscosity constants ¥, and 77, deduced from several
laser-induced Fréedericksz transition experiments>?° al-
ways show some difference from the values found in the
literature. These discrepancies have been interpreted as a
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thermal heating effect or a laser beam size effect. From
this work we would conclude that these effects are not
the main reasons for the discrepancies. The turn-off time
constant 7.4 is very sensitive to the variation of y; and
7.. In our work, ¥, and 7, for 5CB are adjusted only by
20% and 5% from the values in Refs. 14 and 19, respec-
tively. This causes the turn-off time constant 7.5 of the
FS sample to be doubled. Measuring the turn-off time

constants of HB and FS samples thus provides a sensitive
method to determine the viscosity coefficients ¥, and 7,.
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